Introduction
Fetal macrosomia, arbitrarily defined as a birth weight of more than 4250gm 1 .Fetal macrosomia is one of the major complications of diabetic pregnancy. 2 However strict glycemic control sometimes failed to prevent macrosomia. 3 It was reported that the risk of having macrosomia was reduced if intensive metabolic control was begun before but not after 32 weeks' gestation. 4, 5 Those reports suggested that macrosomia is associated with maternal metabolic condition at a certain gestational age.
In previous studies, significantly higher incidence of macrosomic infants was observed in women with normal diabetic screening. 6, 7 These findings suggested that fetal growth is determined largely by maternal factors, A b s t r a c t Aim: Aim: Aim: Aim: Aim: To determine whether elevated midpregnancy (24 -28 Gestational weeks) maternal serum lipid levels predict the risk of macrosomia in non-diabetic women.
Methods

Methods Methods
Methods Methods: Nondiabetic pregnant women (who had negative diabetic screens) were enrolled. Fasting serum triglyceride, and total cholesterol levels were measured at 24-28 weeks gestation. We tested the association between maternal variables and birth weight by univariable analysis. We also used multiple logistic regression analysis to determine whether maternal hyperlipidemia is a risk factor for having an LGA infant. R R R R Results: esults: esults: esults: esults: We enrolled 190 subjects. Among measured maternal lipids, only triglyceride levels correlated with birth weight in univariable analysis (r 2 = 0.40, P = .000). Logistic regression analysis showed that fasting maternal hypertriglyceridemia was the significant predictor of macrosomia, independent of maternal weight gain and fasting plasma glucose levels. (Odds ratio 11.2; 95% confidence interval 1.5, 31.2; P = .01).
not only plasma glucose levels but also other fuels, such as lipids and amino acids, especially in nondiabetic women. 8 Maternal serum lipid levels increase during mid to late gestation, which is believed to be beneficial to mother and fetus in terms of lactation and nutrition. 9 Pregnancy is associated with increases in plasma total cholesterol and triglycerides. 10 Maternal hyperlipidemia during pregnancy is associated with increased lipogenesis during the first two thirds of gestation. Maternal fat accumulation peaks in mid gestation and decreases in late gestation, whereas maternal serum lipid levels increase in mid to late pregnancy. 11 It is considered a maternal adaptation to maintain stable fuel distribution to the fetus. In animal studies, shortage or excess of lipids in maternal circulation affected fetal growth and morbidity. 12 However, the role of maternal hyperlipidemia in fetal growth is still not known, but although treatment with hypocholesterolemic drugs in pregnant rats has been shown to impair fetal growth. 13 A recent study reported that postprandial triglyceride at midpregnancy was significantly associated with birth weight, and fetal macrosomia related strongly with impaired serum lipoprotein concentrations and composition.
14 However, it is not known whether midpregnancy maternal fasting triglyceride levels are associated with birth weight, independent of maternal glucose levels and weight gain, and it has not been documented conclusively whether elevated triglyceride levels are associated with the risk of fetal macrosomia.
We studied nondiabetic women with negative diabetic screen. Our objective was to determine whether maternal serum lipid levels, including triglyceride, and total cholesterol, at 24 -28 gestational weeks are associated with newborn weight at term, and therefore, associated with a risk of developing macrosomia.
Methods
In a prospective, clinical trial study, we enrolled190 Iranian pregnant women who had normal BMI (prepregnancy BMI =19-25) and negative diabetic screen test results at 24-28weeks' gestation at Shahid Sadughi University Hospital within 2 years (2001 -2003).The excluded criteria were: 1-Women with pregestational or gestational diabetes mellitus to eliminate therapeutic biases in the association between maternal metabolic variables and fetal growth. 2-Women with hypertensive disorder and preeclampsia. 3-Women with thyroid disorder, lupus, and antiphospholipid syndrome, because those conditions are associated with fetal growth restriction due to placental insufficiency rather than metabolic factors. 4-Subjects who delivered before 37 weeks' gestation, cases of fetal congenital malformations and cases of multifetal gestation.
At 24-28 gestational weeks, after an overnight fast, fasting blood samples were drawn to measure plasma glucose, serum triglyceride, and total cholesterol levels. Then we use of the 50-g oral glucose challenge test for screening. A 50-g oral glucose load is given without regard to the time elapsed since the last meal. Plasma glucose was measured by the oxidase method. Serum triglyceride and total cholesterol were measured using enzymatic methods. Prepregnant body mass index (BMI) was calculated from prepregnant weight and height reported by subjects and midwife's reports. Maternal weight gain during pregnancy was defined as an increase in weight from prepregnant weight to weight at the last visit. Gestational age was estimated by last menstrual period and confirmed by early fetal ultrasonographic measurements in all subjects. The criteria included FBS > 90 mg/dL, and plasma or serum glucose one hour after 50-g oral glucose > 130 mg/dL at 24 -28 gestational age, were given a diagnosis of GDM and excluded from the study [15] .
All subjects were followed up until delivery. Neonatal birth weight more than 4250 g was defined macrosomia. 1 We used univariable linear regression analysis to evaluate the association between each lipid concentration and newborn weight at term. We also used multiple logistic regression analysis to test the hypothesis that maternal hyperlipidemia in midpregnancy is a risk factor for LGA. Maternal hyperlipidemia was defined as a value higher than the 75th percentile value of each lipid concentration. In the model, we used maternal fasting plasma glucose concentration and weight gain during pregnancy as confounding variables. The χ 2 test was used to compare the incidence of macrosomic infants between women with and without hyperlipidemia.We used SPSS version 15.0 for statistical analysis, and P < .05 was defined as significant.
Results
190 women were studied. Maternal clinical and metabolic characteristics and the correlation coefficient between each variable and newborn weight are summarized in Table 1 . As well as maternal fasting serum triglyceride levels and maternal weight gain during pregnancy correlated significantly with newborn weight at term in univariable analysis. Fasting plasma glucose levels correlated positively but not significantly with newborn weight. Birth weight did not correlate significantly with the fasting total cholesterol levels. However, as expected, fasting triglyceride levels correlated significantly with maternal weight gain during pregnancy (r 2 = 0.20, P = .04).
Hypertriglyceridemia was defined as more than the 75th percentile value (259 mg/dL) of all subjects. The incidence of macrosomia was significantly higher in mothers with hypertriglyceridemia (10 of 47, 23.4%) than in mothers who had normal triglyceride levels (8 of 143, 0.06%) (P = .000). We applied a logistic regression model with confounding variables, including fasting plasma glucose levels and weight gain during pregnancy, to test whether maternal hypertriglyceridemia predicts risk of having a macrosomic infant at term, independent of fasting plasma glucose and maternal weight gain. In the model, hypertriglyceridemia at 24-18 weeks' gestation was a significant predictor of having a macrosomic infant at term (odds ratio 11.2; 95% confidence interval 1.5, 31.2; P = .01), independent of maternal glucose levels and weight gain (Table2).
Discussion
In this study, we found that maternal fasting serum triglyceride levels at 24-28 weeks' gestation were significantly and positively associated with newborn weight at term. The association was independent of weight gain during pregnancy or midpregnancy plasma glucose levels (either fasting or postprandial). The study by Merzouk et al 14 in which similar eligibility criteria were used, found that triglyceride level after 50-g oral glucose screening load at 24-28 weeks' gestation was significantly associated with adjusted newborn weight, independent of maternal obesity. The correlation coefficient was higher in our study (r = 0.22, P < .01) than in Merzouk's report (r = 0.13, P < .05). Difference in maternal conditions, the fasting or the postprandial state, might have caused the variation in the studies. Although some studies found an association between maternal free fatty acid concentration and neonatal birth weight . 12 We did not find any relation of either total cholesterol to newborn weight.
We also showed subjects who had fasting serum triglyceride levels above the 75th percentile at 24-28 weeks' gestation were at significant risk of having macrosomic infants at term, independent of maternal weight gain during pregnancy, and plasma glucose levels. Our findings regarding the effect of midpregnancy maternal hypertriglyceridemia on fetal overgrowth might be limited to non-diabetic women. Recent reports suggest that women with negative results of diabetic screen might be at risk of macrosomia. 6, 7 In addition, Merzouk et al 14 who found a positive association between serum triglyceride levels after 50-g oral glucose load and adjusted newborn weight in women whose diabetic screen results were negative. Therefore, maternal triglyceride measurements in midpregnancy might have important clinical value to predict fetal overgrowth at term in nondiabetic pregnancies.
Another interesting finding in our study was the relationship between maternal plasma glucose levels and newborn weight. In non-diabetic pregnancies, it is still controversial whether midpregnancy maternal fasting or postprandial plasma glucose level is an independent predictor of newborn weight at term. In the current study, newborn weight at term correlated significantly with fasting plasma glucose but not with postprandial levels at 24-28 weeks' gestation. However, in the multiple logistic regression model that included maternal triglyceride and maternal weight gain during pregnancy as covariates, the association between fasting glucose level and birth weight remains statistically significant (P = .02). This result is controversy with another recent study in which there was significant effect of plasma glucose values on macrosomia in screening-positive and GTT-negative subjects. 16 Although it might be a result of a lack of statistical power because of our small sample size, it seemed that maternal serum triglyceride level had a more important effect on fetal growth than maternal plasma glucose in non-diabetic women. The positive association between maternal triglyceride level and newborn weight is confusing, because maternal serum triglyceride does not appear to cross the placenta. 17 With respect to the physiologic mechanism, it is hypothesized that hydrolysis of maternal triglyceride by placental lipoprotein lipase to free fatty acids that cross the placenta is increased. 17 Enhanced insulin resistance during late pregnancy would explain the association between maternal triglyceride level and fetal growth. Hypertriglyceridemia is one of the major characteristics of insulin resistance syndrome in non-pregnant adults. 18 Also in pregnancy, hyperlipidemia including hypertriglyceridemia was found in women with gestational diabetes which is associated with both fetal macrosomia and decreased insulin sensitivity during pregnancy compared with normal pregnancy. [18] [19] [20] Conversely, some authors reported that maternal insulin sensitivity was negatively associated with infantile birth weight. 21, 22 We speculate that maternal hypertriglyceridemia in midpregnancy reflects increased insulin resistance, and consequently, is associated with newborn birth weight.
Conclusion
In nondiabetic with normal prepregnancy BMI women, fasting triglyceride levels at 24-28 weeks' gestation correlated positively with newborn weight at term; Therefore pregnant benefit with controlling their diet (low lipid diet)
